The primary Dieckmann cyclization product of the methyl (3,6-dioxopiperazin-2-yl)propionate was trapped with chlorotrimethylsilane and recrystallized. The X-ray crystal structure analysis showed (S)-configuration of the novel chiral centre. This configuration supports the hypothesis that formation of the stable lithium chelate is responsible for shifting this unusual Dieckmann cyclization towards the bicyclic product.
Results
Recently we have described that methyl (3,6-dioxopiperazin-2-yl)propionate (1) undergoes a variation of the Dieckmann cyclization which proceeds by trapping of the primarily formed hemiacetal anion by chlorotrimethylsilane to give the mixed methyl silyl acetal 2 of the bicyclic ketone 3. After careful hydrolysis the desired Dieckmann condensation product, the ketone 3, was obtained in good yields. Standard reaction conditions, which are usually employed for the Dieckmann condensation, failed to give the ketone 3 [1, 2] .
Usually, the driving force shifting the equilibrium towards the cyclization product is the deprotonation of the formed β -ketoester [3] . After cyclization of 1 to 3 a proton at a bridgehead carbon would have to be removed to obtain an enolate anion. This deprotonation is not allowed in the case of 3 according to Bredt's rule [4] , which explains the failure of the Dieckmann cyclization under equilibrium conditions. Surprisingly the mixed methyl silyl acetal 2 was formed with an extraordinarily high stereoselectivity during our cyclization method, and the corresponding diastereomeric methyl silyl acetal could not be detected. However, it was not possible to unambiguously determine the configuration of the novel centre of chi-0932-0776 / 05 / 1000-1068 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. rality by various NMR techniques (HSQC, NOE, C/H-COSY).
In order to study relationships between the structure and the σ -receptor affinity within the class of bridged piperazines, we investigated the cyclization of the 4-(p-methoxybenzyl)piperazine derivative 4, which is derived from (R)-glutamate [5] . According to the described Dieckmann cyclization protocol the propionic acid ester 4 was treated with 1. and after 30 min at low temperature the initial product was trapped with chlorotrimethylsilane. This reaction provided only one stereoisomerically pure product 5 in 96% yield. Recrystallization of the methyl silyl acetal 5 from methanol/water 1:1 proceeded to provide colourless crystals which were suitable for X-ray crystal structure analysis.
The X-ray crystal structure analysis revealed the rel-(1R, 2S) configuration of 5. Since the synthesis of the methyl propionate 4 started with the enantiomerically pure amino acid (R)-glutamate, the absolute configuration 2S was confirmed by the X-ray crystal structure analysis.
The (S)-configuration of the mixed methyl silyl acetal 5 supports our hypothesis on the reaction course: We assume that the piperazinedione 4 is deprotonated in position 5 to afford an anion which reacted with the ester moiety. The planar carbonyl moiety of the ester group can be attacked from the si-and re-side to provide the diastereomeric hemiacetal anions 6a and 6b, respectively. Whereas the anion 6a is in equilibrium with the ring-opened piperazinedione anion, the lithium alcoholate 6b is stabilized in a six-membered chelate. The formation of the chelate 6b is the driving force, which shifts the equilibrium almost quantitatively towards the Dieckmann cyclization product, Scheme 3. which is finally silylated with chlorotrimethylsilane. If the equilibrium was not shifted towards 6b, trapping with chlorotrimethylsilane would result in further silylated products. 
Experimental Section

General
(1R,2S,5R)-6-Benzyl-2-methoxy-8-(4-methoxybenzyl)-2-(trimethylsiloxy)-6,8-diazabicyclo-[3.2.2]nonane-7,9-dione (5)
Under nitrogen at −78 • C a solution of lithium hexamethyldisilazane (1 M in THF, 8.9 ml, 8.9 mmol) was added dropwise to a solution of 4 [5] (3.20 g, 7.79 mmol) in dry THF (70 ml). After 30 min of stirring at −78 • C a solution of chlorotrimethylsilane (3.6 ml, 28.36 mmol) in dry THF (10 ml) was added and the reaction mixture was stirred for 30 min at −78 • C and for 16 h at room temperature. Then, the solvent was removed in vacuo, the residue was dissolved in ethyl acetate (80 ml), and the organic layer was washed with HCl (0.5 M) and NaOH (0.5 M), dried (Na 2 SO 4 ) and concentrated in vacuo to furnish 5 (3.60 g, 96%) as a viscous oil. (6) , hydrogens calculated and refined as riding atoms. Due to the small crystal size the diffracting power was weak and the completeness of reflection data is low. The data set was collected with a Nonius KappaCCD diffractometer. Programs used: data collection COLLECT [6] , data reduction Denzo-SMN [7] , absorption correction Denzo [8] , structure solution SHELXS-97 [9] , structure refinement SHELXL-97 [10] , graphics SCHAKAL [11] .
CCDC-276363 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge at www. 
